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GHFRPSRVLWLRQRIGIHUULWHSKDVH>@6XFKHPEULWWOHPHQWE\WKHUPDODJLQJVKRXOGEHVHULRXVO\FRQVLGHUHGIRUWKH
FRQWLQXHGVDIHW\DQGUHOLDELOLW\RIRSHUDWLQJ3:5>@)RUWKLVUHDVRQH[WHQVLYHZRUNVKDYHEHHQWRTXDQWLI\WKH
WKHUPDO HPEULWWOHPHQW DV D IXQFWLRQ RI WKH GHOWD IHUULWH FRQWHQW DQG DJLQJ WLPH >@ )URP WKHVHZRUNV WHQVLOH
SURSHUWLHVDQGIUDFWXUH WRXJKQHVVRIDJHGFDVWVWDLQOHVVVWHHOFDQEHSURYLGHGDVDIXQFWLRQRIGHOWDIHUULWHFRQWHQW
DQG DJLQJ WLPH$OWKRXJK VXFKH[SHULPHQWDO SURJUDPVFDQ VXJJHVWXVHIXO JXLGHOLQHV DQG FDQEHXVHG WRSHUIRUP
IUDFWXUH PHFKDQLFV DQDO\VLV IRU FUDFN DVVHVVPHQW WKH\ DUH H[SHQVLYH DQG WLPHFRQVXPLQJ ,Q WKLV UHVSHFW DQ
HIILFLHQWPHWKRGWRSUHGLFWGHFUHDVHGIUDFWXUHWRXJKQHVVRIDJHGFDVWVWDLQOHVVVWHHOVIURPVLPSOHDQGPLQLPXPWHVWV
ZRXOGEHUHTXLUHG






2.1. Material and Aging procedure 
$ W\SH RI DXVWHQLWLF VWDLQOHVV VWHHOV &)0 ZDV FRQVLGHUHG LQ WKLV VWXG\ $VUHFHLYHG &)0 EORFNV ZHUH
WKHUPDODJHG WRVLPXODWHDJLQJHIIHFWGXH WRRSHUDWLQJFRQGLWLRQ LQSUHVVXUL]HGZDWHU UHDFWRU 3:5$FFHOHUDWHG
DJLQJZDVFRQGXFWHGDWDJLQJWHPSHUDWXUHR&IRUDQGKRXUV$FFRUGLQJWRWKHDJLQJSDUDPHWHU>@

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ZHUH IDWLJXH SUHFUDFNHG DQG VLGHJURRYHG DFFRUGLQJ WR WKH $670 ( >@ 7HVWV ZHUH FRQGXFWHG DW URRP
WHPSHUDWXUHDQGWHVWSURFHGXUHVIROORZHG$670(0RUHWKDQWZRVSHFLPHQVZHUHWHVWHGIRUERWKRIXQDJHG
DQGDJHG&)0)LJXUH VKRZV WKHJUHVLVWDQFHFXUYHV IRUXQDJHGDQGDJHG&)0)URP WKH ILJXUH LW FDQEH
IRXQGWKDWWKHUPDODJLQJHIIHFWRQIUDFWXUHWRXJKQHVVLVVLJQLILFDQW
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6WUDLQEDVHGIUDFWXUHPRGHO
3.1. Strain-based fracture model for un-aged CF8M 
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ZHUH H[WUDFWHG WR IDLOXUH LQLWLDWLRQ SRLQWV 7KH H[WUDFWHG YDULDWLRQ FXUYHV VKRZQ LQ )LJ E $YHUDJHG VWUHVV
WULD[LDOLWLHVZHUHFDOFXODWHGIRUHDFKQRWFKUDGLLDQGVKRZQLQ)LJEZLWKGRWWHGOLQHV)LJXUHVKRZVHTXLYDOHQW
VWUDLQV WR IDLOXUH LQLWLDWLRQ UHOHYDQW WR IUDFWXUH VWUDLQV DV D IXQFWLRQ RI WKH DYHUDJHG VWUHVV WULD[LDOLW\ 7KH RSHQ











3.2. Strain-based fracture model for aged CF8M 
7RGHWHUPLQH IUDFWXUH VWUDLQV IRU DJHG&)0V WKH VDPHSURFHGXUHZLWK SUHYLRXV VHFWLRQZDV FDUULHGRXW )(
HODVWLFSODVWLF DQDO\VHV IRU VPRRWKDQGQRWFKHGEDU WHQVLOH WHVWZHUHSHUIRUPHG DQGH[WUDFWHG IUDFWXUH VWUDLQVDUH
VKRZQLQ)LJ4XDGUDQJOHDQGGLDSHURSHQV\PEROVLQ)LJFRUUHVSRQGWRWKHDQGKRXUVDJHG&)0
UHVSHFWLYHO\$Q LPSRUWDQW SRLQW LV WKDW WKH IUDFWXUH VWUDLQV GHFUHDVHZLWK LQFUHDVLQJ DJLQJ WLPH DQG WKH WKHUPDO
DJLQJHIIHFWRQWKHIUDFWXUHVWUDLQORFXVFDQEHFKDUDFWHUL]HGZLWKRQHFRQVWDQWDVEHORZ
   f faged un agedH O H     
ZKHUHO GHQRWHV WKH DJLQJ FRQVWDQW 7KH YDOXHV RIO DUH  DQG  IRU  KRXUV DQG  KRXUV DJLQJ
UHVSHFWLYHO\)UDFWXUHVWUDLQORFLIRUDJHG&)0VDUHVKRZQLQ)LJZLWKGRWWHGOLQHV
)UDFWXUHWRXJKQHVVSUHGLFWLRQ
4.1. Ductile fracture simulation technique 
)RUGXFWLOHIUDFWXUHVLPXODWLRQGDPDJHPHFKDQLFVZDVLQWURGXFHGLQWKLVVWXG\,Q)(DQDO\VLVGXFWLOHGDPDJH
GXHWRSODVWLFVWUDLQFDQEHFDOFXODWHGDWHDFKJDXVVSRLQWXVLQJ






 ¦  ¦   
ZKHUHZ'ZGHQRWHWRWDODFFXPXODWHGGDPDJHLQFUHPHQWDOGDPDJHUHVSHFWLYHO\:KHQWKHDFFXPXODWHGGDPDJH
EHFRPHV XQLW\ Z  GXFWLOH IUDFWXUH LV DVVXPHG &UDFN SURSDJDWLRQ FDQ EH VLPXODWHG E\ UHGXFLQJ DOO VWUHVV
FRPSRQHQWV DW WKH JDXVV SRLQW WR D VPDOO SODWHDX YDOXH 7R LPSOHPHQW GXFWLOH GDPDJH DFFXPXODWLRQ DQG VWUHVV
UHGXFWLRQ LQ)( DQDO\VLV XVHUVXEURXWLQH8+$5'ZLWKLQ$%$48667$1'$5' >@ZDV XVHG0RUH GHWDLOHG
LQIRUPDWLRQRQWKLVPHWKRGFDQEHIRXQGLQ5HI>@
4.2. C(T) test simulations 
7RSUHGLFWIUDFWXUHWRXJKQHVVRIXQDJHGDQGDJHG&)0&7WHVWVZHUHVLPXODWHGXVLQJ)(GDPDJHDQDO\VHV
7HQVLOHSURSHUWLHVREWDLQHGIURPVPRRWKEDU WHQVLOH WHVWVDQG WKHVWUDLQEDVHGIUDFWXUHVWUDLQPRGHOVZHUHDSSOLHG



























7KLV ZRUN ZDV VXSSRUWHG E\ WKH 3RZHU *HQHUDWLRQ 	 (OHFWULFLW\ 'HOLYHU\ RI WKH .RUHD ,QVWLWXWH RI (QHUJ\
7HFKQRORJ\(YDOXDWLRQDQG3ODQQLQJ.(7(3JUDQWIXQGHGE\WKH0LQLVWU\RI.QRZOHGJH(FRQRP\5HSXEOLFRI
.RUHD 1R  DQG E\ (QJLQHHULQJ 5HVHDUFK &HQWHU 3URJUDP WKURXJK WKH 1DWLRQDO 5HVHDUFK
)RXQGDWLRQRI.RUHD15)IXQGHGE\WKH0LQLVWU\RI6FLHQFH,&7DQG)XWXUH3ODQQLQJ15)DQG













>@ 1LFNHOO 5 ( 5LQFNHO0 $ (YDOXDWLRQ RI 7KHUPDO $JLQJ (PEULWWOHPHQW IRU &DVW $XVWHQLWLF 6WDLQOHVV 6WHHO &RPSRQHQWV LQ /:5
5HDFWRU&RRODQW6\VWHPV75(OHFWULF3RZHU5HVHDUFK,QVW3DOR$OWR&$86$
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-RXUQDORIWKH0HFKDQLFVDQG3K\VLFVRI6ROLGV
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